INTRODUCTION
The leading cause of end-stage renal disease (ESRD) worldwide is diabetic nephropathy (DN). 1 Poor control of albuminuria and hypertension associated with diabetes evidenced by macroalbuminuria are risk factors for progression of chronic kidney disease (CKD) and cardiovascular disease (CVD). [2] [3] [4] Albuminuric patients are at almost a sixfold risk of increased incidence of myocardial infarction in the renal population. 5 6 Diabetes-related dyslipidemia results in lipid abnormalities that are highly atherogenic and likely determinants of CVD. 7 Additionally, dyslipidemia is associated with severe proteinuria in nephrotic syndrome, and non-nephrotic range proteinuria in patients with diabetes. [8] [9] [10] [11] The mechanism of dyslipidemia in nephrotic patients is unclear but has
Significance of this study
What is already known about this subject?
▸ Poor control of albuminuria and hypertension in diabetes with macroalbuminuria are risk factors for progression of chronic kidney disease and cardiovascular disease. ▸ Dyslipidemia is associated with severe proteinuria in nephrotic syndrome and non-nephrotic range proteinuria in patients with diabetes. ▸ Angiotensin-converting enzyme inhibitors (ACEi) and angiotensin-receptor blockers (ARBs) reduce albuminuria, lower blood pressure, and slow progression of diabetic nephropathy.
What are the new findings?
▸ Reductions in albuminuria with losartan or spironolactone did not improve dyslipidemia. ▸ Losartan improved dyslipidemic profiles in triglycerides and triglyceride-rich lipoproteins. ▸ The mechanism may be reduction of hepatic VLDL production or improving VLDL catabolism.
How might these results change the focus of research or clinical practice?
▸ Amelioration of albuminuria and dyslipidemia with the use of an ARB could be an important tool in reducing the risk of progression to end-stage renal disease (ESRD) and developing cardiovascular complications. Future studies should attempt to elucidate whether potent triglyceride lowering using an ARB coupled with remnant lipoprotein-lowering agents improves cardiovascular outcomes in patients with diabetic nephropathy.
been postulated to result from increased synthesis and decreased catabolism of lipoproteins. 12 Nephrotic patients have elevated levels of TGs, low-density lipoprotein (LDL) cholesterol, and very-low-density lipoproteins (VLDLs) with their respective apolipoprotein B (ApoB) particles especially in those patients with massive proteinuria. 10 13 Diabetic patients with non-nephrotic range proteinuria may have differential dyslipidemia comprised of increasing ApoB, lipoprotein A, and TG. 11 Diabetic patients may have an increased risk of CKD progression and need for renal replacement therapy with elevated TG in the presence of overt proteinuria. 14 15 Angiotensin-converting enzyme inhibitors (ACEi) and angiotensin-receptor blockers (ARB) reduce albuminuria, lower blood pressure, and slow the progression of DN. 16 One study shows that ACEi results in reduction of total cholesterol and LDL in conjunction with a partial reduction of proteinuria in nephrotic individuals. 17 Some studies suggest a dose-response relationship between lipid reduction and antiproteinuric efficacy in experimental animals and humans. However, these studies represented a small number of patients and used low doses of ACEi. 18 19 Improving dyslipidemia may provide benefit by improving the cardiovascular risk and reduce the risk of CKD progression in patients with DN. Adding either an ARB or a mineralocorticoid receptor antagonist (MRA) onto maximally dosed ACEi therapy regimen further improves albuminuria in patients with DN. MRA added onto ACEi regimen improved albuminuria more than ARB. 20 We hypothesized that long-term administration of losartan 100 mg or spironolactone 25 mg once daily added onto lisinopril 80 mg once daily improves dyslipidemia in patients with DN.
MATERIALS AND METHODS
This trial was conducted between August 2003 and 2007, and the specific aim was to determine whether antiproteinuric effects of losartan or spironolactone were independent of blood pressure lowering in patients with DN. The results of the trial have been published. 20 The trial was conducted at the University of Texas Southwestern Medical Center and the protocol was approved by the University's Institutional Review Board and in adherence with the Declaration of Helsinki (ClinicalTrials.gov Identifier: NCT00381134).
Briefly, the study was a double-blind, placebo-controlled trial in 81 patients with diabetes, hypertension, and albuminuria (urine albumin-to-creatinine ratio (UACR)) ≥300 mg/g confirmed by two 24-hour urine samples while on their maximum dose ACEi at the end of the run-in period). After qualification, patients underwent a run-in period of 4-8 weeks where they were initiated on a dose of lisinopril (20-40 mg daily) substituted for the patient's prior ACEi or ARB and gradually increased to a maximum dose of 80 mg daily (supplement figure 2) . Additional antihypertensive drugs were added to reach a goal of systolic blood pressure <130 mm Hg prior to randomization. Stratified by the type of diabetes, subjects were then randomly assigned to placebo, losartan (100 mg daily), or spironolactone (25 mg daily) for 48 weeks while they were taking lisinopril. Blood and urine albumin, urea, creatinine, electrolytes, hemoglobin A1c (HbA1c), and ambulatory blood pressure were measured at baseline, 24, and 48 weeks. 20 We maintained study subjects on their current doses of hypolipidemic agents throughout the study, given the potential to reduce lipids and albuminuria. In addition, a constant diet was prescribed to minimize the potential confounding effect of diet on plasma lipid and lipoprotein levels.
This report focuses on the effects of these therapies on plasma lipids and lipoproteins, a prespecified secondary outcome of the trial. Accordingly, levels of plasma total cholesterol, triglycerides, and HDL cholesterol were measured at baseline, 24 and 48 weeks as detailed previously. Levels of VLDL plus intermediate-density lipoprotein (IDL) cholesterol were carried out after isolation of the lipoproteins by ultracentrifugation. LDL cholesterol concentration was calculated as the difference between total cholesterol concentration minus the sum of VLDL plus IDL plus HDL cholesterol concentrations. Total apolipoprotein (ApoB) level was measured chemically. 21 The coefficients of intra-assay and interassay variation for the enzymatic methods used to quantify lipids are <3%. This is also true for the chemical assay for ApoB.
LDL sizes were measured with the Lipoprint System (Quantimetrix Corporation, Redondo Beach, California, USA). Seven species of LDL can be identified by this method. The coefficients of interassay and intra-assay variation for this assay were ∼2%. In addition to the seven LDL species, LDL particles were divided into large and small species; the cut point for separation between large and small particles was a particle size of 263 Å, as detailed previously. 21 22 The areas for large LDL (≥263 Å) and small LDL (<263 Å) were calculated. A large-to-small LDL ratio of >1.0 corresponds approximately to lipoprotein phenotype pattern A, whereas a ratio of <1.0 corresponds approximately to pattern B. Predominance of large LDL is classified as Type A and predominance of small dense LDL is classified as Type B. Type B is associated with moderate-to-severe hypertriglyceridemia and/or low HDL cholesterol. Type B is also prevalent in subjects with insulin resistance.
Statistical analyses
An intention to treat analysis was performed including 80 of the 81 randomized subjects, (one subject did not complete the baseline evaluation and never received the study drug). Repeated measures analyses utilizing all lipid and lipoprotein measurements obtained during the 48 weeks of treatment were conducted using a mixed linear model analysis of covariance approach. This mixed-effect linear model consisted of a treatment effect, study week, and baseline value as a covariate, with subject modeled as a random effect. Comparisons between groups were made using the least square contrasts derived from these mixed-effect models. Positively skewed variables were log transformed prior to analysis. Associations between variables were assessed with Spearman correlation coefficients (r s ). All tests were two-tailed with a p value <0.05 considered significant. Statistical analyses were performed with SAS V.9.2 (SAS Institute, Cary, North Carolina, USA).
RESULTS
Baseline characteristics were similar among the randomized groups (table 1). The mean 24-hour (UACR) was ∼1000 mg/g. There were no differences in blood pressure, Original research protein intake, sodium intake, or glycemia among groups during the 48 weeks of the study. There were no differences in baseline blood pressure or UACR when comparing patients with type 1 and type 2 diabetes. On average, three add-on antihypertensive agents were used to achieve and maintain the blood pressure (BP) goal in all three groups. The antihypertensive regimen included a diuretic agent in 90-95% in each arm. Overall, there was a significant difference in the per cent change in UACR between the three treatment groups in the primary study ( p=0.02) with spironolactone having a significantly greater reduction in UACR compared with placebo. At 48 weeks, there was no change from baseline in the placebo group (−24.6%, p=0.08). In contrast, UACR decreased significantly from baseline in losartan (−38.2%, p<0.01) and spironolactone groups (−51.6%, p<0.01). 20 
Lipids
Plasma TG levels, the TG to HDL-cholesterol ratio and VLDL-plus IDL-cholesterol were significantly decreased in subjects treated with losartan as compared with spironolactone and placebo as follows: TG ( p<0.01), TG/HDL ( p<0.01), very-low (V) and intermediate (I) density lipoproteins (V+I-C, p<0.01), and respective Apo B levels (V +I-ApoB, p<0.01; table 2). Similarly, patients assigned to losartan compared with spironolactone had lower levels of TG ( p=0.01), TG/HDL ( p=0.02), V+I-C (p=0.03), and V+I-ApoB (p=0.01; figure 1) .
Total cholesterol did not significantly differ between treatment groups ( p=0.06). The per cent change from week 0 to week 48 was +25.9% in the placebo, −7% in losartan, and +0.7% in spironolactone. Although the losartan group (−8.4%) decreased the total ApoB when compared with placebo (+9.6%) and spironolactone (+16.9%), the groups were not statistically significant ( p=0.06). When comparing non-HDL profiles, losartan (−11.2%), placebo (+6.1%), and spironolactone (−0.6%) treatment differences were not observed ( p=0.30).
Changes in plasma HDL were not different between treatment groups (p=0.12), and all treatment groups decreased slightly from baseline (placebo −3.5%, losartan −2.3%, spironolactone −7.4%).
Changes in LDL were not significantly different between treatment groups. LDL-ApoB changes at 48 weeks were +3.9%, −9.6%, and 16.9% for placebo, losartan, and spironolactone, respectively ( p=0.38 between treatments). LDL particle size was similar among the three treatment groups. No significant correlations were observed between the per cent change from baseline in UACR versus TG at month 24 (r s =0.21, p=0.13) or month 48 (r s =0.22, p=0.10), all subjects combined, or by treatment (data not shown).
DISCUSSION
The principal new finding in this study is that the combination of an ACEi and ARB results in improvement in TG and VLDL+IDL in patients with DN. However, despite significant reductions in albuminuria after maximally dosed ACEi, further reductions in albuminuria with either losartan or spironolactone did not improve total or LDL cholesterol profiles. Study subjects assigned to losartan improved dyslipidemic profiles in TG and TG-rich lipoproteins (VLDL+IDL) when compared with placebo or spironolactone. Levels of VLDL+IDL also decreased suggesting a reduction in the particle number of these lipoproteins.
To our knowledge, this is the first study to demonstrate an improvement in TG and VLDL+IDL in patients with DN combining an ARB (losartan) with an ACEi (lisinopril). The study design controlled for factors that affect protein excretion in diabetes including blood pressure, sodium and protein intake, and glycemia. There were no differences in blood pressure, protein and sodium intake or glycemia among groups during the 48 weeks of the study. 20 Improvement in TG and VLDL+IDL with the concomitant reduction in ApoB levels potentially implicates properties specific to losartan, which may improve dyslipidemia independent of albuminuria reduction, and suggests an effect of losartan on TG metabolism.
Keilani et al 17 demonstrated amelioration of TC and LDL cholesterol during treatment with fosinopril (ACEi) associated with improvement in proteinuria, which was not observed in our study. However, it is worth noting that Keilani et al studied fewer subjects, only those with nephrotic-range proteinuria and included diabetic and nondiabetic (40%)-related nephropathies. Ruggenenti et al demonstrated a dose response relationship with ACEi and improvement in TC, LDL, and TG. However, their study included 28 patients and all with non-diabetic kidney disease. 19 Both studies suggested that amelioration of proteinuria were the likely underlying causes of improvement in lipid profiles yet neither of these studies carefully evaluated the lipoprotein composition and particle size for LDL.
Previous studies discuss the possibility of inherent qualities of ARBs that can improve dyslipidemia. Kyvelou et al showed the effect of six different ARBs on plasma TC, LDL, TC/HDL, ApoB, and TG. Losartan improved TC, LDL, TC/HDL, ApoB, while only valsartan and losartan improved TG. 23 Notably, the study looked at hypertensive patients only and excluded any patient with kidney disease. Lerch et al tested the effect of losartan on insulin sensitivity, lipid profiles, and plasma endothelin in normotensive offspring of hypertensive parents. They demonstrated no effect of ARB on insulin sensitivity, but did see a significant Original research reduction in serum total cholesterol and total TG levels. 24 In the present study, the losartan group displayed a trend for improvement in total plasma-ApoB and LDL-ApoB that was not statistically significant. Derosa et al demonstrated improvement in lipid profiles with telmisartan as compared with eprosartan in 119 hypertensive patients with only diet controlled type 2 diabetes without albuminuria. 25 The mechanism(s) by which ARB administration may improve dyslipidemia is incompletely understood, but Benson et al suggested that the ARB telmisartan may act as a partial agonist to the PPAR-gamma receptor and thereby improve lipid profiles. They speculated that this effect may be due to unique molecular structural properties of telmisartan, not shared by other ARB. 26 Additionally, angiotensin II may stimulate macrophage-induced lipid oxidation due to lipid peroxidation via AT1 receptor upregulation. 27 Therefore, it is possible that ARBs reduce the production of VLDL by improved insulin resistance along with diversion of fatty acids from the liver as speculated in some animal models. 28 For example, Fogari et al demonstrated improvement in insulin sensitivity and hepatic steatosis in hypertensive, obese patients receiving losartan compared with amlodipine. 29 Patients with DN are at high risk for CVD and have a high prevalence of dyslipidemia and hypertension. Among patients with DN, improvement in albuminuria is strongly associated with reduction in the risk for developing ESRD. While larger randomized controlled trials, such as ONTARGET and VA NEPHRON-D demonstrated more side effects with dual renin-angiotensin-aldosterone (RAAS) blockade, neither study targeted albuminuria nor dyslipidemia. 30 31 Large-scale clinical trials targeting albuminuria and lipid profiles in patients with DN are needed to determine whether dual RAAS blockade improves dyslipidemia and important clinical outcomes, such as mortality, myocardial infarction, and ESRD. Bakris et al 32 recently demonstrated that dual blockade of RAAS with ACEi or ARB and a novel non-steroidal MRA, finerenone, reduces albuminuria in patients with type 2 diabetes mellitus and kidney disease. Two large-scale phase III clinical trials using this agent examining cardiovascular and renal outcomes are now underway (ClinicalTrials.gov Identifiers: NCT02540993, NCT02545049). Given the clinical correlations with dyslipidemia and DN with and without nephrotic-range proteinuria, it is important to characterize effective methods to improve their dyslipidemia to decrease the risk of cardiovascular mortality and CKD progression. If ARB can effectively ameliorate albuminuria and lipid profiles, it will continue to be an important treatment to reduce the risk of progression to ESRD and CVD. Our findings suggest, but do not prove, that the beneficial effect of losartan on dyslipidemia is not mediated solely through a reduction in albuminuria.
Our study has some limitations to consider. First, the fraction of subjects who did not complete the 48 weeks of study was higher in the losartan and spironolactone groups. Analysis demonstrated that the baseline characteristics were similar between those who completed and those who did not complete the study. Second, approximately two-thirds of the patients were on statin drug therapy. To minimize the effect of statins on interpretation of our study, we required that statin dose remain constant during the study without addition of new statin therapy during the study, and notably the fraction of subjects on a statin was nearly identical at randomization (table 1) . Last, we did not require that patients follow a synthetic diet to ensure that daily intake of cholesterol and fat was constant during the study. However, we did prescribe a constant diet restricted in cholesterol and total fat.
In summary, we found long-term administration of losartan 100 mg, but not spironolactone 25 mg once daily added onto lisinopril 80 mg once daily improved TG and VLDL+IDL cholesterol levels as well as their respective Apo B levels in patients with DN. The potentially beneficial effect of lipid lowering observed using losartan was not explained solely on the basis of albuminuria reduction. Our findings are consistent with previous studies demonstrating that ARB administration may improve plasma lipid and lipoprotein composition in patients with hypertension and diabetes. We speculate that losartan, independent of the antiproteinuric effect, improves dyslipidemia by reducing hepatic VLDL production or improving VLDL catabolism (or a combination of the two). Further studies are required to clarify the mechanism. While the losartan group demonstrated a modest reduction in TGs, further studies should elucidate the effect of losartan with the addition of remnant lipoprotein-lowering agents, such as fibrates or fish oil, and their relationship with important cardiovascular end points. Amelioration of albuminuria and dyslipidemia with the use of an ARB could be an important tool in reducing the risk of progression to ESRD and developing cardiovascular complications.
